Comparison of the Risk Factor Profile, Stroke Subtypes, and Outcomes Between Stroke Patients Aged 65 Years or Younger and Elderly Stroke Patients: A Hospital-based Study  by Chen, Yi-Min et al.
at SciVerse ScienceDirect
International Journal of Gerontology 7 (2013) 205e208Contents lists availableInternational Journal of Gerontology
journal homepage: www.i jge-onl ine.comOriginal ArticleComparison of the Risk Factor Proﬁle, Stroke Subtypes, and
Outcomes Between Stroke Patients Aged 65 Years or Younger and
Elderly Stroke Patients: A Hospital-based StudyqYi-Min Chen*, Ya-Ju Lin, Helen L. Po
Department of Neurology, Mackay Memorial Hospital, Taipei, Taiwana r t i c l e i n f o
Article history:
Received 27 November 2011
Received in revised form
20 June 2012
Accepted 6 September 2012
Available online 17 December 2012
Keywords:
elderly,
functional outcome,
prevention,
younger patientsq All contributing authors declare no conﬂicts of in
* Correspondence to: Dr. Yi-Min Chen, Departm
Memorial Hospital, Number 92, Section 2, Chung-S
Taiwan.
E-mail address: jenny.4102@ms2.mmh.org.tw (Y.-M
1873-9598/$ e see front matter Copyright  2012, Ta
http://dx.doi.org/10.1016/j.ijge.2012.11.011s u m m a r y
Background: Risk factors for stroke, stroke subtypes, and outcomes observed in stroke patients younger
than 65 years are different from those observed in elderly stroke patients. The aim of the study was to
compare the risk factor proﬁles, stroke subtypes, and outcomes between stroke patients younger than 65
years and elderly stroke patients.
Methods: We retrospectively assessed the risk factor, stroke subtypes, and outcomes for 368 younger
stroke patients (aged 20e64 years) and 605 elderly stroke patients (aged 65e98 years).
Results: High stroke prevalence was observed in younger patients who were predominantly males with
a history of smoking, hypercholesterolemia, hypertriglyceridemia, and high body mass index. These
patients were less likely to have atrial ﬁbrillation, prior stroke, systemic infection, upper gastrointestinal
bleeding, and low National Institutes of Health Stroke Scale score on admission, and prolonged stay in
the acute ward of the hospital compared with elderly patients. Further, regarding stroke subtype,
younger patients showed a higher frequency of lacunar infarct and stroke of other demonstrated etiology
whereas elderly patients were more likely to have cardioembolism and total anterior circulation infarct.
Younger patients showed favorable outcomes at the 3-month follow-up after discharge.
Conclusion: We conclude that, apart from risk factors and stroke subtypes, the functional outcomes
observed in the two groups differed. Early identiﬁcation of these differences with good management may
help to improve the clinical outcomes in younger stroke patients.
Copyright  2012, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Stroke is the third leading cause of death and the leading cause
of disability in Taiwan. Most population-based epidemiologic
studies on stroke have largely focused on older people because
stroke mainly affects the elderly1,2. However, in a recent study,
stroke was reported in younger patients who are traditionally not
considered to be at a high risk of stroke3. The number of cases of
stroke in young and middle-aged people is rapidly rising4,5. In
younger patients who have experienced a stroke, the experience
can be stressful for the patient’s family and can adversely affect the
patient’s relationship with a partner6. The manner in which
a stroke affects younger patients is different from that in which it
affects elderly patients, in that the patient may ﬁnd it difﬁcult toterest.
ent of Neurology, Mackay
han North Road, Taipei 104,
. Chen).
iwan Society of Geriatric Emergenperform tasks (such as caring for children) or to resume working.
The inability to resume working can affect the patient’s ﬁnancial
status, lower the patient’s self-esteem, and prevent the patient
from regaining independence7,8. Stroke is a major public health
problem and its prevention remains a challenge, not only in the
elderly, but also in younger individuals9.
The purpose of the study was to compare the risk factor proﬁle,
stroke subtypes, and outcomes between stroke patients younger
than 65 years and elderly stroke patients.
2. Patients and methods
The study participants were ischemic stroke patients who were
admitted to the neurology department of a teaching medical center
in northern Taipei, Taiwan. We included information from the
patients’ records according to the International Classiﬁcation of
Diseases, Ninth Revision, Clinical Modiﬁcation (ICD-9-CM) codes
433, 434, and 436. The exclusion criteria were transient ischemic
attack, intracerebral, intraventricular, or subarachnoid hemorrhage,cy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Institutional Review Board of Mackay Memorial Hospital.
We retrospectively reviewed the medical records and related
information pertaining to a 3-year period, July 1, 2005 to June 30,
2008. The reviewed data included demographic information (age at
the time of stroke, sex, bodymass index [BMI], and smoking habits),
medical history (information regarding a history of hypertension,
diabetes mellitus, atrial ﬁbrillation, ischemic heart disease, stroke,
hypercholesterolemia, and hypertriglyceridemia), and data from
evaluation performed at the time of initial admission to the
emergency department (blood pressure, laboratory data, and
stroke severity). Other information such as clinical features, stroke
subtypes, length of stay in the acute ward of the hospital, medical
complications, and data from evaluation at the time of discharge
(functional status) were also reviewed. The patients were divided
into two age groups: younger patients (younger than 65 years) and
elderly patients (65 years and older).
The following risk factors and comorbidities were identiﬁed:
Hypertensionwas deﬁned as systolic blood pressure140mmHgor
diastolic blood pressure90 persisting 7 days after the acute event,
a self-reported history of hypertension, or use of antihypertensive
medication. Diabetes mellitus was deﬁned as a history of diabetes
conﬁrmed by a patient’s medical records or use of insulin or oral
hypoglycemic agents. Dyslipidemia was deﬁned as total serum
cholesterol level of>200mg/dL, triglyceride level of>150mg/dL, or
use of lipid-lowering medication. Smoking was deﬁned as use of
tobacco at the time of the interview, or history of smoking with
cessation within 2 years of admission.
Atrial ﬁbrillation was conﬁrmed by electrocardiography.
Ischemic heart disease was deﬁned as a history of myocardial
infarction, coronary artery disease, coronary artery bypass grafting,
or percutaneous coronary intervention. BMI was calculated as
weight in kilograms divided by square of height in meters, and high
BMI was deﬁned as BMI  25 kg/m2. Recorded systemic infections
included urinary tract infection, pneumonia, pressure sores, and
septicemia. Upper gastrointestinal bleeding was deﬁned as bloody
nasogastric aspirate or tarry stool.
Ischemic stroke subtypes were classiﬁed according to the Trial
of Org 10 172 in Acute Stroke Treatment (TOAST) criteria, on the
basis of the pathophysiology and the Oxfordshire Community
Stroke Project (OCSP) classiﬁcation, on the basis of the clinical
syndrome10,11.
2.1. Clinical outcomes
Neurologic deﬁcits were assessed on admission and discharge
by certiﬁed examiners by using the National Institutes of Health
Stroke Scale (NIHSS)12. Functional outcome was assessed using the
Modiﬁed Rankin Scale (mRS) and Barthel Index (BI) at 3 months
after discharge13. We categorized the mRS score into the following
two categories: favorable outcome (score, 0e1) or unfavorable
outcome (score, 2). The recorded BI was divided into the
following two categories: favorable outcome (score, 60) or unfa-
vorable outcome (score, <60).
2.2. Statistical analysis
Continuous variables were expressed as mean values
(standard deviation), and categorical variables were expressed as
percentages. The mean values and categorical variables were
compared using the Student t test and Chi-square test, respectively.
The stroke subtypes and outcomes in the two groups were
compared by using the Chi-square test. The signiﬁcance level was
set at p < 0.05, and all statistical analyses were performed using
SPSS version 15.0 (SPSS., Inc., Chicago, IL, USA).3. Results
During the 36-month study period, 973 patients with ischemic
strokewere admitted to our hospital. The baseline characteristics of
the patients are summarized in Table 1. Of the 973 patients, 368
(70.9%men) were younger than 65 years and 605 (50.6%men) were
aged 65 years or older. The mean ages for both the groups were
53.9  8.2 years (range, 20e64 years) and 75.8  7.1 years (range,
65e98 years). Compared with the risk factor proﬁle of the elderly
patients, the risk factor proﬁle of the younger patients was as
follows: elevated BMI (24.3 3.7 vs. 25.13.2; p¼ 0.001), smoking
(c2 test, 23.8% vs. 44.8%; p < 0.001), hypercholesterolemia (c2 test,
31.6% vs. 41.5%; p ¼ 0.002) and hypertriglyceridemia (c2 test, 23.9%
vs. 41.3%; p < 0.001).
The following factors were observed in lesser frequencies in the
younger patients than in the elderly patients: atrial ﬁbrillation
(c2 test, 8.2% vs. 24.1%; p < 0.001), history of prior stroke (c2 test,
47.3% vs. 58.0%; p ¼ 0.001), low NIHSS score on admission
(6.03  5.76 vs. 9.11  7.97; p < 0.001), prolonged stay in the acute
ward of the hospital (16.8  17.3 vs. 19.4  17.7 days; p ¼ 0.024)
with few medical comorbidities such as systemic infection (c2 test,
22% vs. 40.5%; p < 0.001) and upper gastrointestinal bleeding
(c2 test, 14.9% vs. 23%; p ¼ 0.002).
Regarding the stroke subtypes, small vessel disease (SVD),
stroke of other demonstrated etiology (SOE) and lacunar infarct
(LACI) were found to be more frequent in the younger patients
(p ¼ 0.02, p < 0.001, p ¼ 0.03, respectively). However, car-
dioembolism (CE) and total anterior circulation infarct (TACI) were
less frequent in younger patients (p < 0.001 for both).
Outcomes for the two groups rated according to the mRS scores
are provided in Table 1 and Fig. 1. Patients younger than 65 years
predominated (p < 0.001) the favorable outcome groups catego-
rized according to the mRS score (<2) and BI score (60).
4. Discussion
The current study showed that there were differences in the risk
factors and outcomes between younger and elderly stroke patients.
The results showed that younger patients were predominantly
males with a history of smoking, hypercholesterolemia, hyper-
triglyceridemia, and elevated BMI. These patients were less likely to
have atrial ﬁbrillation, prior stroke, systemic infection, upper
gastrointestinal bleeding, and low NIHSS score on admission, and
they typically did not require prolonged admission to the acute
hospital ward. Further, younger patients showed higher frequency
of SOE and LACI whereas elderly patients were more likely to have
CE and TACI.
Our study showed that younger patients were usually men and
smokers, which was in line with the ﬁndings of other studies on
stroke in younger patients14e16. Hypertension was a commonly
encountered risk factor for stroke in both aged groups14,16e18. In our
study, high prevalence of hypertension among younger patients
was related to obesity, smoking, and hyperlipidemia similar to
other developed contries of Asia19. Previous studies have shown
that the prevalence of diabetes mellitus decreases with age20,21; in
our study, diabetes was more frequent in the younger patient
group, but the difference was not statistically signiﬁcant, probably
because of the smaller number of patients with diabetes. The data
obtained for hypercholesterolemia and hypertriglyceridemia were
in accordance with those obtained in other studies on ischemic
stroke16,22. A report published in the journal Lancet stated that the
mean global BMI has been increasing since 1980, with substantial
variations between values in different countries; however, the
largest rise in mean BMI was observed among the younger patients
in our study23. In Asian countries, the increasing westernization of
Table 1
Patient characteristic, risk factors, stroke subtypes, and outcome according to different age groups.
Continuous variable Younger patient group (age < 65 y; n ¼ 368) Elderly patient group (age 65 y; n ¼ 605) p
Mean  SD 95% CI Mean  SD 95% CI
Age (y) 53.9  8.2 (53.1e54.7) 75.8  7.1 (75.2e76.4) <0.001
BMI (kg/m2) 25.1  3.2 (24.8e25.4) 24.3  3.7 (24.0e24.6) 0.001
Admission NIHSS score 9.1  8.0 (8.3e9.9) 6.0  5.8 (5.5e6.5) <0.001
Stay in acute ward 16.8  17.3 (15.0e18.6) 19.4  17.7 (18.0e20.8) 0.024
Categorical data n (%) 95% CI n (%) 95% CI
Sex (male) 261 (70.9) (66.3e75.5) 306 (50.6) (46.6e54.6) <0.001
Smoking 165 (44.8) (39.7e49.9) 144 (23.8) (20.4e27.2) <0.001
Atrial ﬁbrillation 30 (8.2) (5.4e11.0) 146 (24.1) (20.7e27.5) <0.001
Hypertension 262 (71.2) (66.6e75.8) 455 (75.2) (71.8e78.6) 0.16
Ischemic heart disease 86 (23.4) (19.1e27.7) 176 (29.1) (25.5e32.7) 0.051
Previous stroke 174 (47.3) (42.2e52.4) 351 (58.0) (54.1e61.9) 0.001
Diabetes mellitus 176 (47.8) (42.7e52.9) 280 (46.3) (42.3e50.3) 0.64
Hypercholesterolemia 152 (41.5) (36.5e46.5) 189 (31.6) (27.9e35.3) 0.002
Hypertriglyceridemia 151 (41.3) (36.3e46.3) 143 (23.9) (20.5e27.3) <0.001
Systemic infection 81 (22.0) (17.8e26.2) 245 (40.5) (36.6e44.4) <0.001
UGI bleeding 55 (14.9) (11.3e18.5) 139 (23.0) (19.6e26.4) 0.002
Stroke subtype (TOAST classiﬁcation)
Large vessel 138 (37.5) (32.6e42.4) 235 (38.8) (34.9e42.7) 0.68
Cardioembolism 23 (6.3) (3.8e8.8) 101 (16.7) (13.7e19.7) <0.001
Small vessel 152 (41.3) (36.3e46.3) 206 (34.0) (30.2e37.8) 0.02
SOE 32 (8.7) (5.8e11.6) 13 (2.1) (1.0e3.2) <0.001
Undetermined 23 (6.3) (3.8e8.8) 50 (8.3) (6.1e10.5) 0.25
Stroke subtype (OCSP classiﬁcation) <0.001
TACI 45 (12.2) (8.9e15.5) 138 (22.8) (19.5e26.1) <0.001
LACI 152 (41.3) (36.3e46.3) 209 (34.5) (30.7e38.3) 0.03
PACI 64 (17.4) (13.5e21.3) 109 (18.0) (14.9e21.1) 0.8
POCI 107 (29.1) (24.5e33.7) 149 (24.6) (21.2e28.0) 0.12
Functional disability
mRS (0, 1) 178 (48.4) (43.3e53.5) 138 (22.8) (19.5e26.1) <0.001
BI (60) 277 (75.3) (70.9e79.7) 278 (46.0) (42.0e50.0)
BI¼ Barthel Index; BMI¼ body mass index; CI¼ conﬁdence interval; LACI¼ lacunar infarct; mRS¼modiﬁed Rankin Scale; NIHSS¼ National Institutes of Health Stroke Scale;
OCSP ¼ Oxfordshire Community Stroke Project; PACI¼ partial anterior circulation infarct; POCI¼ posterior circulation infarct; SD ¼ standard deviation; SOE¼ stroke of other
demonstrated etiology; TACI ¼ total anterior circulation infarct; TOAST ¼ Trial of Org 10172 in Acute Stroke Treatment; UGI ¼ upper gastrointestinal.
Stroke Outcomes in Different Age Groups 207the diet, high rates of smoking, and other lifestyle changes have led
to a marked increase in the incidence of diabetes mellitus, hyper-
tension, hyperlipidemia, and cardiovascular disease among
younger individuals. Unlike the elderly patients, younger patients
had lower stroke severity on admission and lower rates of upper
gastrointestinal bleeding and systemic infections during hospital-
ization after acute stroke21,24,25. A longer stay in the acute ward of
the hospital among elderly patients may be explained by the higher
stroke severity among these patients at the time of admission andFig. 1. Frequency of the modiﬁed Rankin Scale score of younger and elderly patients at
3 months after stroke onset.the massive cerebral infarction complicated by medical comor-
bidities26, 27.
Stroke subtypes have been shown to inﬂuence stroke prog-
nosis28, 29. Younger patients showed a predominance of SVD and
LACI according to both TOAST and OCSP classiﬁcations and
a higher frequency of SOE according to the TOAST criteria. The
high prevalence of LACI in younger patients was due to increased
incidence of hypertension and diabetes mellitus, both of which
were associated with LACI30. Younger patients had a lower
frequency of CE according to the TOAST criteria because atrial
ﬁbrillation, which is a common cardiac dysrhythmia, was more
related to stroke in elderly patients31,32. A high frequency of TACI
in the elderly patients was due to the higher incidence of
atherosclerosis of the carotid system and intracranial stenosis in
ethnic Chinese patients33,34.
According to the mRS scores, our younger stroke patients
showed better outcomes than the elderly patients, who typically
showed more disability at 3 months after discharge. This poor
outcome in the elderly patient group can be explained by the
advancing age, high NIHSS score at the time of admission, and
increased numbers of massive cerebral infarctions complicated
with medical comorbidities in elderly patients35. Thus, the prog-
nosis of stroke in our younger patients was more favorable than
that in the elderly patients, but the functional disability in the
younger patients could still affect the age-normative role and
activities8.
Our study had the following limitations. First, this is a retro-
spective study, and thus was potentially prone to systematic bias.
Second, our results were based on medical records from the
hospital registry, which cannot represent the characteristics of the
Y.-M. Chen et al.208general population. Finally, we could not obtain detailed informa-
tion on the long-term outcomes of the patients.
In conclusion, considering the prevalence of SVD and SOE in the
stroke subtypes of younger patients, healthcare programs that
target the prevention and treatment of these risk factors could help
to improve the functional outcome of stroke among this socio-
economically active age group. Further studies on the relationship
of stroke subtype and outcome in younger patients with ischemic
stroke are warranted in this regard.
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